Abstract: Epstein-Barr virus (EBV) infection is found in a subset of gastric cancers. Previous reviews have exclusively focused on EBVencoded small RNA (EBER) positivity in gastric cancer tissues, but a comprehensive evaluation of other type of studies is lacking.
INTRODUCTION

G
astric cancer is the third most common cause of cancer death worldwide, with >700,000 deaths estimated to have occurred in 2012. 1 Gastric carcinogenesis is thought to be associated with multiple environmental and genetic factors. Among environmental factors, infection with the bacterium Helicobacter pylori is an established main risk factor. 2, 3 However, increasing evidence suggests that a subset of gastric cancers is associated to Epstein-Barr virus (EBV) infection. [4] [5] [6] Recent cancer genome atlas research has provided a molecular classification defining EBV-positive gastric cancer as a specific subtype. 7 EBV can be found in the malignant epithelial cells of gastric adenocarcinomas. [8] [9] [10] Positivities and characteristics of the EBV-positive cancers have been summarized previously (supplementary Table 1 , http://links.lww.com/MD/A257). [11] [12] [13] [14] [15] [16] However, the positivity of EBV infection in normal gastric mucosa, and other gastric diseases, such as dyspepsia, gastritis and peptic ulcer, is largely unexplored. 17 A recent study found all normal gastric mucosa samples from healthy individuals EBV RNA-negative, whereas positivity was 46% in tissues with gastritis, with frequent infiltration of EBV infection. 17 These patterns suggest that EBV infection might be associated with induction of persistent gastric mucosa inflammation and subsequent carcinogenesis.
In this systematic review, we aim to provide a comprehensive overview on published epidemiological studies based on in situ hybridization (ISH), polymerase chain reaction (PCR) or serology, comparing EBV nucleic acids positivity in gastric cancer tissues and in adjacent non-tumor tissues; EBV nucleic acids positivity in gastric cancer tissues and in non-tumor mucosa from healthy individuals, patients with benign gastric diseases, or deceased individuals; and EBV seropositivity among gastric cancer patients and healthy controls.
METHODS
Search Strategy
The PubMed database was searched up to September 14, 2014, using 
Studies Included
Our review focused on studies including patients with histologically proven primary gastric adenocarcinoma. Studies addressing gastric lymphoma, gastric lymphoepithelioma-like cancer, gastrointestinal stromal tumor, remnant stomach cancer, or cardia squamous cell carcinoma were excluded due to potential differences in carcinogenesis. There was no limitation on cancer stage and treatment strategy.
Studies were included if they also reported on EBV positivity in adjacent tumor tissue and /or non-gastric cancer controls. Controls included patients from outpatient or inpatient settings including patients who died from nonmalignant diseases, or subjects from the general population. Non-malignant diseases included non-ulcer diseases (NUDs) concerning intestinal metaplasia, dysplasia, atrophic gastritis, adenoma, and polyp etc, as well as peptic ulcer diseases (PUDs).
EBV Status
We included studies that evaluated the presence of EBV in tissues (endoscopic biopsy tissues, resected cancer tissues, or postmortem gastric mucosa) and in serum samples (peripheral blood samples). Laboratory methods for EBV were ISH or PCR for resected tissue, biopsy, or blood; and enzyme-linked immunosorbent assay (ELISA) or immunofluorescence assay (IFA) for serum samples.
Target markers for EBV included: EBV-encoded small RNA (EBER)-1 or -2 for ISH; Epstein-Barr nuclear antigen (EBNA)-1, EBV Bam M fragment (Bam-M), EBV Bam HI W fragment (BamHI-W) for PCR; EBNA, EBV viral capsid antigen (VCA), EBV diffuse early antigen (EA-D), and EBV restricted early antigen (EA-R) for serology.
Selection of Publications and Data Extraction
Potentially eligible studies were selected by 2 independent reviewers (X-ZC and HC). The primary selection was performed by browsing the titles and abstracts. Potentially eligible studies underwent full text review. References of identified studies were additionally screened for potentially missed studies. Potential discrepancies in study selection were resolved by further review and discussion with Castro F.A.
The data extraction was likewise carried out independently by 2 reviewers (X-ZC and HC). Extracted items included general study characteristics (year, country, study design), characteristics of the study populations (size, sex, age, disease-related factors), and types of measurements (specimen types, analytic procedures). Number of cases and controls were extracted from all publications or in few cases calculated from the reported percentage of cases. Potential discrepancies in extracted items if any were resolved by further review and discussion by Castro F.A.
Statistical Analysis
Study-specific odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated where applicable by MedCalc software version 12.7.4 (http://www.medcalc.org/calc/odds_ ratio.php). Due to the heterogeneity of studies, we did not perform formal meta-analysis.
Ethical Review and Reporting
This systematic review worked with the literature and did not directly involve human beings or animals, and therefore was not submitted for any ethical approval. This study is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 18 
RESULTS
Literature Search
The flow chart of the literature search is shown in Figure 1 . Three population-based and 44 hospital-based case-control or cross-sectional studies were eligible for inclusion in the systematic review. 5, 
Detection of EBV Infection by ISH
Thirty-four studies compared gastric cancer tissue to any kind of control tissues by ISH approach to testing EBER-1 or -2 (Table 1) . 5,20,22 -27,29,31-34,37 -41,43-47,49 -53,57,58 The positivity of EBV RNA in cancer cells ranged from 5.0% to 17.9% by ISH. In contrast, in most studies, all of adjacent non-cancer tissues were consistently negative for EBV RNA in epithelial cells, or had positivity close to zero, with the exception of 2 studies of Fukayama et al 23 and Shousha et al, 26 which reported high positivity in adjacent non-cancer tissue (35.3% and 58.3%, respectively). Likewise, none of the samples from the gastric ulcer or normal gastric mucosa of deceased patients was EBER-positive.
Detection of EBV Infection by PCR
A total of 13 studies (Table 2) 21, 28,35,36,42,45,48,55,59,60-64, compared the EBV nucleic acids (EBNA-1, -2, Bam-M, and BamHI-W) between gastric cancer tissues and any non-cancer tissues, as well as one study that compared EBV BamHI-W in blood between gastric cancer patients and healthy controls. The positivities of EBNA-1 and BamHI-W fragments in tissue samples from cancer patients was usually significantly higher than those in biopsies from any kind of control groups, with the exception of the study of de Aquino et al 60 when compared with adjacent non-cancer tissues. Additionally, in the study of Yuan et al, 63 all gastric cancer tissues, adjacent non-cancer tissues, and biopsies from patients with NUD were negative. However, positivities of EBV nucleic acids tested by PCR methods varied substantially in both cases and controls. Extremely high positivities of !80% were found in 3 studies from India, which tested EBNA-1 in gastric cancer tissues. 55, 59, 61 Additionally, 2 studies of de Aquino et al 60 and Durmaz et al 35 testing Bam-M and EBNA-2, respectively, found the positivities were 50% to 60% in gastric cancer tissues. The only study that tested EBV BamHI-W in blood found the positivities were 35.5% and 3.6% among gastric cancer patients and healthy controls, respectively (OR ¼ 14.8, 95% CI 5.7-38.2). 42 
Serology of EBV Infection for Gastric Cancer
Only 4 studies compared results of EBV serology between gastric cancer patients and healthy individuals (Table 3) . 19, 30, 54, 56 , These studies used ELISA or IFA to test for antibodies against one or several EBV antigens, including EBNA, VCA, or EA (EA-D or EA-R). The distribution of EBV seropositivity in gastric cancer patients and healthy controls varied across most studies and antibodies. EBNA IgG and VCA IgG had higher seropositivities among both cancer patients and healthy controls than other antibodies. Only EBNA IgG was slightly less frequent in cancer patients than in controls in 2 studies, although differences were not statistically significant. VCA IgG appeared consistently more frequent in cancer patients than in controls, but only 1 Japanese study from 1991 had reported a significant difference in the EBV seropositivity between cases and controls, using IFA to detect VCA IgG at the cutoff >1:640 (OR ¼ 22.2, 95% CI 7.8-63.1). 19 Additionally, inconsistent results and absence of differences between cases and control were reported for VCA IgA, EA IgG, EA-D IgG, and EA-R IgG.
DISCUSSION
To our knowledge, this is the first comprehensive systematic review of epidemiological studies on the association between EBV infection and gastric cancer. EBER positivity by ISH ranged from 5.0% to 17.9% in gastric cancer tissues, but was rare in both adjacent non-cancer tissues and gastric biopsies of healthy controls or patients with benign gastric diseases (almost 0%). Additionally, we found positivities of EBNA-1 and BamHI-W by PCR to be consistently higher in tissues or blood from gastric cancer patients than in any non-cancer sample, and positivity tended to be associated with the local inflammatory severity. Studies evaluating the seropositivity of EBV antibodies were scarce and the evidence for each of the tested antigens was inconsistent across studies and not significantly different between gastric cancer patients and healthy controls.
Previous reviews and meta-analyses have been exclusively focused on the positivity and characteristics of EBV-positive gastric cancers by ISH only. Summarized results from 6 systematic reviews, meta-analyses, or pooled analyses are shown in supplementary Table 1 , http://links.lww.com/MD/A257. Our findings agree with previous meta-analyses that reported an overall EBV RNA positivity from 6.9% to 8.8%. [11] [12] [13] [14] [15] [16] Previous meta-analyses also showed that EBV-positive gastric cancers are more common among males, younger patients and those localized mainly at the cardia and body of the stomach, as well as those with postgastrectomy remnant stomach.
Detection of EBV RNA in gastric cancer tissue by itself does not provide sufficient evidence to establish a causal role of EBV in gastric carcinogenesis. An additional evidence for such a role would be differences in EBV RNA prevalence between cancer and non-cancer tissue by ISH method, evaluated in this review. Despite the heterogeneity in study designs and results, an important observation seems to support the association of EBV with gastric carcinogenesis: evidence obtained from studies using gold standard tissue methods, such as ISH, demonstrated that most of the adjacent non-cancer tissues and biopsy samples from healthy individuals or patients with benign gastric diseases were EBERnegative. The consistently negative existence in epithelial cells of such internal controls (adjacent mucosa) and external controls (mucosa from healthy person or patient with benign disease) can inversely evidence that EBV infection is a risk factor for gastric cancer. However, nasopharyngeal carcinoma, another epithelial tumor caused by EBV, has been shown as monoclonal proliferation of a single EBV-infected progenitor epithelial cell. 65 Viral monoclonality in EBV-positive gastric cancer samples is arguably the strong evidence of a causal relationship between EBV infection and gastric cancer development. 24, 25 Additionally, for EBV-positive gastric cancer, several associated genetic alterations can be displayed through genome atlas research, including recurrent PIK3CA mutations, extreme DNA hypermethylation, and amplification of JAK2, CD274, and PDCD1LG2. 7 They might be critical understandings of molecular mechanism of EBV-associated gastric carcinogenesis.
In contrast, PCR methods are more sensitive but less specific than gold standard ISH method. However, based on PCR tests, an additional observation was a suggestion of a gradient in the EBV infection among the control groups and gastric cancer patients. Positivities of EBNA-1 increased from 0% in a healthy control group, 4.1% to 37.3% in patients with non-ulcer gastric diseases, to 16.7% to 75.6% in patients with peptic ulcer diseases. This observation is mainly based on 3 studies, in which EBNA-1 positivity was extremely high in cancer samples (80%-90%). Thus cross-contamination picked up by PCR methods cannot be ruled out. Another more important explanation of the gradient trend among non-cancer tissues and the difference between gastric cancer and noncancer tissues needs to be underlined. PCR method is invalid to distinguish cancer cells with lymphocytes infiltrating in cancer stromal, and therefore it is not possible to know from where the EBV nucleic acids are amplified. Vast majority of people are EBV carriers (around 90%), and lymphocytes are possibly infected with EBV and contain EBV nucleic acids. 66 With progression of local inflammation, the amount of lymphocytes infiltrating inside or around solid tumor can be increased, whereas obvious lymphocyte infiltration is frequently presented in cancer tissues. 67, 68 Besides, another argument is that EBER-positive lymphocytes can be labeled inside or around gastric cancer tissues by ISH method. 21, 22 The increased and high positivity of EBNA-1 by PCR might be a reflection of inflammatory severity and amount of infiltrating lymphocytes, instead of the difference in amount of cancer and epithelial cells infected with EBV. However, this hypothesis is not enough convincing and a confirmative conclusion is unable to be suggested based on above evidence. First, study involving health controls comprised from only one study. 62 NUD such as intestinal metaplasia and dysplasiais is not always related to inflammation even compared with healthy controls. Furthermore, PUD patients usually have high Helicobacter pylori infection rate, whereas the local inflammation is therefore mainly due to the co-infection of Helicobacter pylori instead of EBV. Besides, 1 study still showed 0% of EBNA-1 positivity among PUD patients. 48 Therefore, if PCR method is used, it should be interpreted with caution and better to be further validated by using ISH method. Furthermore, it is necessary that PCR results should be also adjusted by lymphocyte infiltration.
Serological markers for EBV have been suggested to be useful to evaluate cumulative lifetime exposure and reactivation of the viral infection. EBNA IgG and VCA IgG can retain at high level in the life time after acute stage of EBV infection. In nasopharyngeal carcinomas, EBV-specific IgA serum antibodies, specially, EA and VCA IgA, were suggested to be able to identify individuals at early stage of the disease and also potential predictors of disease prognosis. 69, 70 We identified only 4 studies comparing EBV seropositivity between gastric cancer patients and healthy controls, all of which were conducted among all Eastern Asians or Eastern Asian descendants. With the exception of a study of Tajima et al in 1991, all studies used a matched design, included prospective samples collected several years prior to cancer diagnosis, and showed no significant difference in the EBV antibody levels between cases and controls. In contrast, the Japanese study found that VCA IgG antibodies titers were significantly higher among gastric cancer patients (34.7% in cases and 2.3% in controls); however, serum samples were collected after diagnosis of gastric cancer, and no matching method was mentioned. 19 Shinkura et al 71 compared seropositivity of EBV-specific antibodies among EBV-positive and -negative gastric cancers and healthy controls. It was found that VCA IgA and EA IgG had higher seropositivity among EBV-positive gastric cancers than those among EBV-negative gastric cancers. The seropositivity of EA-IgG was higher among EBV-negative gastric cancers than that among healthy controls. Additionally, Shatter et al found significantly higher geometric mean antibody titers for both VCA and EBNA among subjects with dysplasia compared with those with gastritis or intestinal metaplasia, and therefore suggested a possible role for EBV reactivation at an early phase of gastric carcinogenesis. 72 Seroepidemiological data on gastric cancer are still very limited and it is not clear whether similar patterns of antibodies against EBV as those observed for nasopharyngeal cancer might also apply to gastric cancer. An important difference between gastric cancer and nasopharyngeal cancer is that merely a minority of gastric cancer cases are associated with EBV infection. 73 Moreover, seropositivity of EBV antibodies reflects the life-time infection of EBV acquired from childhood, but it may not distinguish the EBV-associated gastric cancer patients with healthy population because of the high prevalence of EBV antibodies among population. As a result, interpretation of EBV seropositivity remains a challenge. In this case, comparison on the titers of EBV antibodies between gastric cancer patients and healthy controls might additionally inform to judge the association of EBV infection with gastric cancer risk. Furthermore, novel antibodies against EBV-specific antigens are also expected to assess the association between EBV seropositivity and gastric cancer risk.
Nevertheless, aforementioned 3 techniques have different defects in identifying a high-risk population for EBV-associated gastric cancer. ISH test is a reliable measurement, but requires invasive and complex techniques. Additionally, EBERs are always negative in non-cancer gastric mucosa from both biopsies of cancer-free individuals and adjacent normal stomach of gastric cancer. Therefore, these 2 reasons make ISH invalid to screen a high-risk subpopulation for EBV-associated gastric cancer. PCR based on tissues is also an invasive test, but a likely dose-response correlation between EBNA-1 positivity and inflammatory severity, which is possibly confounded by Helicobacter pylori-associated local inflammation and lymphocyte infiltration at mucosa. Further understanding on the interaction between EBV and Helicobacter pylori infection is required. PCR for BamHI-W fragment based on blood was suggested to be a risk factor in only 1 study. Sample size was also very small in the single study reporting on a major difference in BamHI-W positivity determined in blood between cases and controls. This interesting result reported in 2001 seems not to have been replicated since then. More studies need to be repeated to confirm the association before employing BamHI-W in screening EBV-associated gastric cancer. A classical epidemiological study on identifying a high-risk population is commonly based on serology of specific antibodies. However, a critical limitation of serological studies is that EBV infections are widespread, >90% of the adult population have had some exposure to the infection at some time of their life and carry the corresponding antibody signatures. For example, Kim et al 56 found the seropositivities of VCA IgG and EBNA IgG were as high as 94.5% and 84.5%, respectively, in the healthy controls.
In such a situation of very high population prevalence, it may not be possible to find relevant difference in seropositivity between cases and controls. In particular, a more interesting or relevant question about EBV serology in this context might be whether virulence markers of the virus or susceptibility markers of the host can be identified that would allow identification of risk group for developing gastric cancer. Although specific viral antigens were addressed in some of the studies, sample sizes were mostly very small, which makes it difficult to draw firm conclusions. Several other limitations of our review deserve careful discussion. We were unable to provide summary estimates on the association of EBV infection and gastric cancer because existing studies differed greatly in their study population, laboratory methods, and control selection. Likewise, many studies did not report adequate information on cancer site and other morphological features. A major obstacle in the evaluation of a possible etiological role of EBV in gastric cancer is the lack of prospective studies that hinders ruling out reverse causality. Serological markers may provide an opportunity to evaluate previous exposure, but published evidence is still very sparse. Currently, there is no an ideally epidemiological approach to further evaluate the suggested causal relationship or association of EBV infection and gastric cancer. The discrepancy between epidemiological analysis and molecular biological or virological observation needs to be dissolved with novel epidemiological analysis based on reliable molecular analysis.
In conclusion, evidence based on ISH method strongly suggests an association between EBV infection and gastric cancer risk, but PCR method alone is invalid to confirm such association. Very limited evidence from serological studies and the lack of novel antibodies warrant further investigations to identify potential risk factors of EBV for gastric cancer.
